K e y w o r d s: species diversity, macrophyte, pesticide tombs, Lake Szeląg Wielki.
Introduction
Numerous hazardous waste stockpiles, called pesticide tombs, were established in Poland in the 1970s. They were intended for storage of preparations containing chlorinated organic insecticides. They were located without conducting a prior geological survey, at random sites, with the facilities built in a negligent manner and without a proper insulation.
Pesticide tombs are one of the most severe hazards to the natural environment in Poland. In Warlity Wielkie near Ostróda a pesticide tomb was in use until November 3, 2003 -being one of the 16 landfill sites of non-utilized pesticides in the province of Warmia and Mazury in the years [1960] [1961] [1962] [1963] [1964] [1965] [1966] [1967] [1968] [1969] [1970] . The tomb was used as a landfill of 54 tonnes of toxic substances disposed in 36 silos and 2 unprotected pits. Since 2003, complex analyses of edaphic and aquatic habitats have been carried out on that area (SKIBNIEWSKA et al. 2002 , SZAREK et al. 2003 . A leak of hazardous substances from a pesticide tomb was confirmed by methods of chemical analysis when routes of draining of waters from a dumping ground to a lake was being sought . Due to the poor sorptive ability of soils, the levels of the examined substances were low, except for the samples taken from above the impermeable layer. Chemical analysis of the plants used as indicators by other scholars did not provide any information about the environment pollution. Slightly elevated levels of DDT and its metabolites have been found in the tissues of fish from the ponds adjacent to the pesticide tomb as compared to the fish from other ponds . No effect of the tomb on the bacteria count in the area has been proven to exist, although increased counts of actinomycetales and fungi have been found. A macrophytic assessment of the ecological condition of the Lake Szeląg Wielki has shown a lower value of the lake waters than expected after an analysis of the physicochemical variables of the water . The pesticide tomb has also been found to affect the floral diversity of the neighbouring forest , GRZYBOWSKI et al. 2007 ). In addition, histopathological examinations have revealed an negative effect of the tomb on animals: the number and intensity of morphological changes in the internal organs of the examined animals have been found to decrease with the distance from the source of contamination (SZAREK et al. 2007a , SZAREK et al. 2007b , SZAREK et al. 2007c . The character and distribution of the morphological changes in the examined animals also indicate the toxic effect of the tomb.
This study was aimed at evaluating the diversity of submerged and emerged flora of Lake Szeląg Wielki and at verifying the hypothesis that a pesticide tomb affects the diversity of submerged and emerged flora of that lake.
Characteristics of the study area
Lake Szeląg Wielki is located in the Ostróda Commune of the Iławski Lake District, belonging to the province of Warmia and Mazury. It water body is a typical ribbon-lake, narrow and very elongated lake, with the maximum length of 12.5 km. It entries three small watercourses, two of which bring water from the neighboring lakes: Szeląg Mały and Tabórz. Runoff from the lake proceeds south-west to Lake Pauzeńskie and Lake Drwęckie. The surface of the lake accounts for 599 ha, its maximum depth is 35.5 m and its mean depth is 13.5 m.
In the direct basin of Lake Szeląg Wielki the following three villages are located: Warlity Wielkie, Zwierzewo and Kątno (Figure 1 ). The city of Ostróda is located ca. 4 km south-west of the aquifer (Figure 1 ). Recreational management of the lake is poor; a recreational centre and a camp site are situated on its south-west shore. On the west shore, it is adjoined by a fish farm.
The lake has a poorly developed shoreline. The zone of littoral and sublittoral is narrow. Lake Szeląg Wielki is stratified. During summer stagnation, epilimnion reaches to a depth of 8 m and constitutes 36% of the lake surface area litoral, additionally it is characterized by good aerobic conditions. In the thermocline stratum, there is a distinct decrease of oxygen concentration that intensifies gradually in the stratum of hypolimnion, which constitutes 44% of lake bottom area (CYDZIK et al. 1995 . Oxygen depletion at the bottom does not occur and the mean oxygen saturation of lake hypolimnion exceeds 25% (CYDZIK et al. 1995) . Results of analyses of physico-chemical variables of Lake Szeląg Wielki waters carried out in 2007 indicated moderate trophy (Table 1) .
Indices of the primary production, including the concentration of chlorophyll, dry matter of seston and water transparency, indicate its moderate trophy. Bacteriological analyses of the lake demonstrated its very good sanitary conditions. In addition, concentrations of the pesticides examined in water were within the binding reference values, yet these were mostly trace amounts (CYDZIK et al. 1995) .
Lake Szeląg Wielki is characterized by a high resistance to degradation -I category (CYDZIK et al. 1995) . Worthy of notice is the small annual water exchange that prevents the transport of contaminants from the basin area to the lake. The prevalence of forests and relatively low recreational pressure exert an additional beneficial effect on the lake. Fig. 1. Location of study area group 1 -phytocoenosis located at a distance < 2km from pesticide tomb group 2 -phytocoenosis located at a distance > 2km from pesticide tomb
Methods
A site survey was conducted in the summer in the years 2006-2007. The ecological characteristics were based on 138 phytosociological relevés taken with the method of BRAUN-BLANQUET (1964) .
The nomenclature of vascular plants was adopted after MIREK at al. (2002) and RUTKOWSKI (2005) . In the present study, use was made of the division of submerged and emerged plant communities postulated by BRZEG, WOJTERSKA (2001) and MATUSZKIEWICZ (2006) .
For a numerical analysis of the phytosociological releves, the quantitative degrees in the BRAUN-BLANQUET (1964) scale were transformed into quantitative degrees on the scale proposed by JANSÉN (1975) following the recommendations of MAAREL VAN DER (1979) .
An evaluation of diversity was conducted based on a Shannon-Wiener index (SHANNON, WEAVER 1949) . The Shannon-Wiener diversity index (H) is defined as a negative sum of a product of probability of subsequent species significance in a set (p i ) and a logarithm of that probability.
with 2 adopted as the logarithm base. The probability of subsequent species significance in the set (p i ) is understood as a quotient n i /N, where n i is a coefficient of significance of a given species, ad N denotes the sum of significance coefficients of all species.
Species distribution in phytocenosis was described by means of a Pielou Evenness index (J) (MAGURRAN 1988 To determine statistically significant differences in species abundance, diversity index and the contribution of species to in phytocoenoses between the analyzed communities of submerged and emerged plants, use was made of a parametric Student's t-test (significance level of α = 0.05), which assumes a normal distribution of results and differences between results. In the Student's t-test, calculations were performed using Statistica 7.1 software (STATSOFT, Inc. 2005) .
The effect of a pesticide tomb on the diversity of submerged and emerged plant communities of Lake Szeląg Wielki was evaluated by comparing the diversity of phytocoenoses noted in the direct proximity of the tomb and phytocenoses of the same communities at least 2 km away from a perpendicular line plotted so as to cut through two points: the closest to the pesticide point of the shoreline of Lake Szeląg Wielki and a point determined by the centre of the tomb. Phytocoenoses of the same plant associations occurring both in the phytolittoral close to the pesticide tomb (< 2 km) and those located far away from it (> 2 km) belonged to the following plant communities noted in Lake Szeląg Wielki: Ceratophylletum demersi, Potametum perfoliati, Ranunculetum circinati, Equisetetum fluviatile, Glycerietum maximae, Phragmitetum, Scirpetum lacustris, Typhetum angustifoliae. In those analyses, use was also made of the Student's t-test (significance level of α = 0.05) and calculations were made with Statistica 8.0 software (STATSOFT, Inc. 2005) .
Results
The phytosociological analyses carried out in Lake Szeląg Wielki demonstrated the presence of phytocoenoses belonging to: one pleustonic community of the class Lemnetea minoris (Table 2) , six communities of submerged plants from the class Potametea (Table 2) , 10 communities of emerged plants from the class Phragmitetea (Table 3) , and additionally one phytocenosis built of aquatic moss Fontinalis antipyretica ( Table 2 ). The maximum depth of the bottom at which the presence of macrophytes was detected reached 3.9 m.
Diversity of phytocoenoses detected in Lake Szeląg Wielki is presented in Table 4 .
The Shannon-Wiener diversity index (H) was found to be different for submerged and emerged vegetation of Lake Szeląg Wielki (p = 0.008), differences (p < 0.005) were also observed in the number of species in phytocoenoses ( Figure 2 ). In turn, distribution of species in the communities of submerged and emerged plants, described by means of Pielou Evenness index (J), did not demonstrate important differences (p = 0.19) Figure 2 .
The Shannon-Wiener diversity index (H) in the community of Ceratophylletum demersi was different (p < 0.003) for phytocoenoses located in the proximity of the pesticide tomb as compared to those remote from the tomb -being higher in the latter. In addition, an analysis of the number of species in the phytocoenoses examined demonstrated higher value of that index in phytocoenoses located far away from the pesticide tomb (p < 0.001) - Figure 3 . Differences in species distribution in phytocoenoses of Ceratophylletum demersi were not different (p = 0.18) - Figure 3 .
In the case of the Potametum perfoliati community, the Shannon-Wiener diversity index (H) was higher (p < 0.001) in the phytocoenoses remote from the tomb in contrast to those located in its vicinity. In addition, the number of species in the analyzed phytocoenoses was higher in those located far away from the tomb (p = 0.002) - Figure 4 . In species distribution in phytocoenoses of Potametum perfoliati (p = 0.02) - Figure 4 have not identified any differences.
In the Ranunculetum circinati community, the Shannon-Wiener (H) diversity index was higher (p < 0.05) in phytocoenoses distant from the tomb as compared to phytocoenoses located in its proximity. The number of species in the phytocoenoses examined was higher in those located far away from the tomb (p < 0.05) - Figure 5 . In species distribution in phytocoenoses of Ranunculetum circinati (p = 0.1) - Figure 5 have not identified any differences.
In the Equisetetum fluviatile community, the Shannon-Wiener (H) diversity index differed (p < 0.05) in phytocoenoses located in the vicinity of the tomb as compared to those remote from it, being higher in the latter. group 1 -phytocoenosis located at a distance < 2 km from pesticide tomb; group 2 -phytocoenosis located at a distance > 2 km from pesticide tomb; student's t-test; grouping var.: stadium (sheet 1) group 1: reléve 2*, 108*, 121*: 1; group 2: reléve 65, 17, 110: 2
In addition, species distribution in communities of Equisetetum fluviatile between the phytocoenoses examined (p = 0.05) - Figure 6 . No differences were found between the number of species in the phytocenoses close to the dumping ground and those situated some distance from it (p < 0.09) - Figure 6 . -phytocoenosis located at a distance < 2 km from pesticide tomb; group 2 -phytocoenosis located at a distance > 2 km from pesticide tomb; student's t-test; grouping var.: stadium (sheet 1) group 1: reléve 135*, 46*, 102*: 1; group 2: reléve 92, 9, 8, 19, 55, 85: 2 Fig. 6 . Statistical analysis of diversity indices of Equisetetum fluviatile phytocoenoses: group 1 -phytocoenosis located at a distance < 2 km from pesticide tomb; group 2 -phytocoenosis located at a distance > 2 km from pesticide tomb; student's t-test; grouping var.: stadium (sheet 1) group 1: reléve 112*, 45*, 110a*, 126*, 91*: 1; group 2: reléve 132, 37, 47, 94, 50, 58, 5, 30, 41, 39 The diversity index (H) determined in the community Glycerietum maximae was higher (p < 0.0001) in phytocoenoses remote from the pesticide tomb as compared to those located in its proximity. In the phytocoenoses analyzed, the number of species was higher in those remote from the tomb (p < 0.009) - Figure 7 . Differences have been found in the distribution of species in the phytocenoses of Glycerietum maximae (p < 0.009) - Figure 7 .
In the Phragmitetum community, the Shannon-Wiener diversity index (H) was statistically significantly higher (p < 0.003) in phytocoenoses located far away from the tomb in contrast to those located in its vicinity (Figure 8 ). The number of species in the phytocoenoses examined was higher in those remote from the tomb as compared to those located at a distance of over 2 km (p < 0.004) - -phytocoenosis located at a distance < 2 km from pesticide tomb; group 2 -phytocoenosis located at a distance > 2 km from pesticide tomb; student's t-test; grouping var.: stadium (sheet 1) group 1: reléve 112*, 45*, 110a*, 126*, 91*:1; group 2: reléve 132, 37, 47, 94, 50, 58, 5, 30, 41, 39 group 1 -phytocoenosis located at a distance < 2 km from pesticide tomb; group 2 -phytocoenosis located at a distance > 2 km from pesticide tomb; student's t-test: grouping var.: stadium (sheet 1) group 1: reléve 77*, 27*, 74*, 79*, 34*, 90*:1; group 2: reléve 11, 95, 12, 31, 49, 62, 128:2 All diversity indices appeared to be higher in phytocoenoses of Scirpetum lacustris remote from the tomb as compared to those located in its vicinity (p < 0.002) - Figure 9 .
The Shannon-Wiener diversity indices (H) in the community of Typhetum angustifoliae were higher (p < 0.005) in phytocoenoses remote from the tomb as compared to those in its proximity (Figure 10 ). The number of species in the phytocoenoses analyzed was also higher in phytocoenoses located far away from the pesticide tomb (p < 0.005) - Figure 10 . No differences were found in the distribution of species in the phytocoenoses of Typhetum angustifoliae (p = 0.1) - Figure 10 ). group 1 -phytocoenosis located at a distance < 2 km from pesticide tomb; group 2 -phytocoenosis located at a distance > 2 km from pesticide tomb; student's t-test; grouping var.: stadium (sheet 1) group 1: reléve 66*, 73*, 20*, 26*, 3*:1; group 2: reléve 71, 75, 59, 115, 10, 14, 70, 25, 29, 125, 98 
Discussion
Submerged and emerged vegetation are of key significance to the proper functioning of the entire lacustrine ecosystem and demonstrate high susceptibility to changes in the aquatic ecosystem (BAATTRUP-PEDER- SEN et al. 2001 , SMOLDERS et al. 2001 , CIECIERSKA, 2004 , SCHAUMBURG et al., 2004a . The greater the taxonomic and syntaxonomic diversity of phytolittoral, the higher the ecological status of a lake (ENDLER et al. 1999 , GRZYBOWSKI, ENDLER 2003 , CIECIERSKA et al. 2006 . The mean value of the Shannon-Wiener diversity index (H) for submerged and emerged plants of Lake Szeląg Wielki (Table 4) , that of the Evenness index (J) - Table 4 , and the mean number of species (Table 4 ) recorded in the lake under study are typical of eutrophic lakes (ENDLER et al. 1999) .
The number of plant communities in a lake results, among others, from diversified habitat conditions of littoral (JENSÉN 1977 , ROONEY, KALFF 2000 . The size and length of a lake as well as the development of its shoreline affect the number of microhabitats for macrophytes. Lake Szeląg Wielki is characterized by good habitat conditions. The average number of phytocoenoses amongst 153 reference lakes originate from a database of lakes selected for the purpose of lake monitoring in Poland in compliance with Directive 2000/60/EC (Directive... 2000) ranges from 21 to 23 depending on the type of lake (CIECIERSKA et al. 2006) . Analyses carried out in Lake Szeląg Wielki demonstrated the presence of 24 phytocoenoses, which indicates the high phytocenotic diversity of its phytolittoral.
The analysis of reference lake stations from countries of Central Europe showed that the maximum depth of bottom colonization with plants reached 4.6 m in deep lakes, including Lake Szeląg Wielki, and that for the same group of lakes the value of boundary between very good and good states accounted for 3.6 m (PHILLIPS 2006 , Milestone 6 Report... 2006 . This indicates that Lake Szeląg Wielki, in which the maximum range of submerged plants reaches 3.9 m and the mean one exceeds 3 m, is at a boundary between good and very good ecological state.
An important indicator of high macrophytic evaluation of the ecological state of lakes are communities of green stoneworts (Charophyceae) (FORSBERG 1964 , KRAUSE 1981 ), yet, they were not detected in Lake Szeląg Wielki. In contrast some phytocoenoses were observed being negative indicators of the ecological state (CIECIERSKA et al. 2006) of Lake Szeląg Wielki, namely: Ceratophylletum demersi, Elodeetum canadansis, Potametum pectinati. The presence of these phytocoenoses and the lack of stoneworts algae point to the existence of human impact (CIECIERSKA et al. 2006) .
Phytosociological examinations carried out in 2006 in Lake Szeląg Wielki demonstrated differences compared to the results of assays conducted in . In 2002, the following phytocoenoses: Fontinaletum antipyreticae, Lemno-Spirodelletum, Caricetum rostratae, Caricetum acutiformis, Iridetum pseudacori, were not detected in the investigated lake. The analysis of biodiversity indices in communities of: Potametum perfoliati, Ceratophylletum demersi, Ranunculetum circinati, Typhetum angustifoliae, Scirpetum lacustris, Phragmitetum, Glycerietum maximae, and Equisetetum fluviatile, consisting of a comparison of diversity indices: Shannon-Wiener index (H), Pielou Evenness index (J), and the mean number of species in phytocoenoses remote from the pesticide tomb as compared to phytocoenoses located in its vicinity demonstrates the differences between the examined phytocoenoses. Statistically significantly lower values of the Shannon-Wiener (H) were recorded in phytocoenoses located closest to the tomb. A similar statistically-confirmed correlation was found for the number of species in the phytocoenoses under scrutiny.
The changes in the Pielou Evenness index (J) were not statistically significant, except for phytocoenoses of Scirpetum lacustris, which indicates a marginal effect of the pesticide tomb on species distribution in the analyzed communities. This corresponds with the results of investigations on biodiversity obtained from anthropogenic forest phytocoenoses located in the proximity of the pesticide tomb in Warlity Wielkie (GRZYBOWSKI et al. 2007) .
Investigations carried out in Lake Szeląg Wielki demonstrated: -a modifying effect of a pesticide tomb on the floral abundance in phytocoenoses of submerged plants: Potamogetonetum perfoliati, Ceratophylletum demersi, Ranunculetum circinati, -a modifying effect of pesticide tomb on the floral abundance of phytocoenoses of emerged plants: Typhetum angustifoliae, Scirpetum lacustris, Phragmitetum, Glycerietum maximae, Equisetetum fluviatile, -phytocoenoses of Scirpetum lacustris detected in Lake Szeląg Wielki to be the most susceptible to the activity of a pesticide tomb, -the Pielou index of species evenness (J) changed to the least extent in the phytocoenoses examined, which indicates a negligible impact of the pesticide tomb on species distribution in the community. 
